Introduction
Experimental catchment Uhlířská (Fig. 1) of Černá Nisa River being a small, hilly catchment represents a source area environment typical for the headwater regions of the Czech basin. Here the structured porous soil profile plays a key role in the formation of the outflow hydrograph. Despite of the fact that the catchment outflow reacts on the rainfall instantly, the surface runoff on the hillslopes does not occur. The catchment runoff initiates on the hillslope in the form of the subsurface flow. The process of the runoff generation, namely the mechanism of the subsurface flow generation is not completely understood. Kirchner (2003) proposes, that there are several pools (or a continuum of stores) of water within a catchment which are mobilized under different con- ditions. These pools can be represented e.g. by large scale structures, such as aquifers or shallow hillslope covers with a variably saturated soil profile. The outflow formation in a local scale (a plot and/or hillslope) is usually considered to be the result of subsurface discharge due to e.g. the bedrock geometry and present hydrological conditions (Bača, Bačová Mitková, 2007) . However, these processes are affected primarily by the elementary flow processes occurring already at a very small scale corresponding to the local pore structure and dominated by hydraulic properties of the soil layers. Due to the heterogeneity of the soil environment, the combination of the matrix and preferential flow has to be expected (Sněhota et al., 2007) .
This development in the elementary versus larger scales needs to be elucidated in detail.
At the Uhlířská catchment experimental site a detailed research of elementary flow processes within the hillslope has been carried out since 1998. Recently, data monitoring for hydrological and climatic processes has been on a continuous basis and extended with the focus on the continuously monitored processes in the soil profile. These measurements comprise of rainfall distribution over time, soil pore water potential fluctuation, subsurface flow appearance, with the support of standard observations as air temperature, relative air humidity, wind speed and solar radiation. Complex of these observations helps to set initial conditions for the occurrence of subsurface outflow events and monitor its development over time. A primary analysis of a series of rainfall-runoff episodes has shown that the preferential flow triggering mechanism is linked to measurable quantitative hydrological thresholds such as rainfall amount, soil suction and soil moisture. Therefore a complementary instrumentation has been intermediately added aiming on processes which influence substantially the flow dynamics (evapotranspiration) or could help to elucidate it. The data acquired up to now represent a robust collection undergoing a detailed analysis. This contribution contains a needed introductory description of the experimental catchment and the primary data analyses. The further analyses are in progress to appear soon.
Materials and methods

Location of the study
Experimental catchment Uhlířská is located in northern part of the Jizera Mountains western region, Czech Republic. The catchment valley is formed by Černá Nisa stream. The area of the catchment is 1.87 km 2 , with and average altitude of 822 m above the mean sea level (msl). The length of the valley is 2.1 km, the average width is 0.89 km, the average slope is 2.3 % and the average length of the hillslopes is 450 m.
The catchment is situated in a humid region with the annual precipitation exceeding 1300 mm. In the area of interest, the sloping soil profile is shallow and highly heterogeneous. The upper hillslopes typically consist of 80 cm of Dystric Cambisol formed on the decayed fractured granite bedrock. The topsoil (15 cm) is of a peaty character. The profile below the organic layer comprises 10 cm of a grey-black clayey loam, 25 cm of a brown sandy loam and 30 cm of a light brown loam with a high content of the bedrock particles. The bottom of the valley is formed by a layer of peat topsoil (Histo-sol) (varying from 0 to 300 cm in its thickness) which lies on silty gelifluction gley material. Cambisols cover approximately 90% of the total catchment area while the 10% of the area is formed by Histosols of the soil profile deeper than 1 m, found mostly in the bottom of the valley (Tachecí, Šanda, 2000) .
The catchment has been deforested by up to 50% during the period 1983-1985. Deforested areas are covered by the bush grass vegetation (Calamagrostis villosa) and underwent massive reforestation of the spruce monoculture, with the isolated planting of beech, larch and rowan trees.
Instrumentation to study the flow processes in the hillslope vadose zone
To study the flow processes in a shallow soil profile which dominate catchment runoff formation, a typical hillslope transect, defined as a vertical plane of the soil profile running perpendicular to the surface contour lines has been outlined at the site Tomšovka, near the local Uhlířská catchment divide (Fig. 1) . Subsurface collectors were built up (Fig. 2) . Automatic data collection devices installed in and above the trench have been collecting a short-term inflow-outflow data series of hydrological events during the vegetation season, typically since May until September (Šanda et al., 2005) . In the trench, the instrumented sections correspond to the soil layer interfaces (Tab. 1): Ah horizon (0-30 cm), B horizon (30-50 cm) and B-C horizon (60-70 cm). The subsurface flow is collected from each one of three soil horizons separately at two 4 meter long collecting sections (A and B). These are made of stainless steel sheets driven to the wall of the trench horizontally 30 cm in upslope direction for two upper horizons and of a concrete bed at the bottom of the trench for the deepest horizon collector (Fig. 2) . Due to the depth variation in between section A and B, which is caused by non-uniformity of the soil surface and of the rocky soil bed, it was impossible to insert the equipment at the desired depth. The walls of the collecting trench has been reinforced by a wooden construction and remained open until the 2000 vegetation season to check its functioning. Later the part of the trench where the water from particular depths is collected has been filled by agglomerated water resistant ash beads Liapor TM of a uniform fraction 4-8 mm. Remaining part of the trench which contained the outflow tubing, was filled by Liapor TM beads only at the bottom, to serve as a filter surrounding the additional drainage tube to catch up the excess water. The rest of the trench was backfilled with local soil, separated from the sampling part by wooden tar penetrated sheets wrapped into the heavy duty plastic foil. To observe the shallow subsurface flow without the effects of the flow diversion to deeper horizons due to the hydraulic nature of the trench, a single 25 cm deep and 4 meter long trough C has been built adjacent to the B section, ie. south of it, facing west side with the flow collector, same as designed for sections A1 and B1. Here the flow is collected from a heavy duty plastic foil driven horizontally 20 cm upslope. The shallow trough has been run open during vegetation seasons of 1999 and 2000 and filled with Liapor beads for the following vegetation seasons. The flow from all of the trench sections (A, B and C) has been gravitationally channelled in tubes into 7 tipping-bucket flowmeters. Pulses are recorded on Campbell CR10X-1M and Technolog Newlog3 data loggers.
The suction within the soil profile is measured by a set of 15 soil tensiometers, nested in five triplets located uphill of the trenches. Three of the triplets are installed 1 m above the trench in the centre of each of the sections A, B and C. The remaining two triplets were installed in the central axis above the trench sections A and B, at about 10 and 20 meters further upslope. Depth of installation of the triplets in the vicinity of A and B trench sections is given in the Tab. 2. T4  T5  T6  T7  T8  T9  20  40  51  24  38  74 In each location, one of three tensiometers is always installed into one particular soil layer (20, 40 and 60 cm below the soil surface). All tensiometers were fitted with the pressure transducers Honeywell 236PC15GW for the soil tension recordings. Data have been recorded continuously at 10 minute pace using the CR10X-1M data logger.
Complementary measurements
As a control link to the processes occurring at the scale of the whole hillslope, additional measurements were performed over the vegetation seasons. The ground water table has been monitored biweekly from a set of 20 shallow piezometers, the soil moisture content was scanned in 14 locations by means of the neutron probe and a set of 60 manual tensiometers was used for additional measurements of soil suction on the hillslope between the catchment divide and the stream at the bottom of the valley (Šanda, 1999) .
In addition, a set of 10 shallow boreholes, located at the hillslope transect was done to stratify the upper soil and rock layer formations. Geophysical measurements by means of vertical electrical sounding were performed to estimate the depth of the unweathered bedrock at the study location (Fig. 3) . Complementary dipole electromagnetic profiling was applied to identify the bedrock surface geometry and the geological fracture system of the flow region (Fig. 4) . On the experimental hillslope, 85 ponded infiltration tests were performed to estimate the infiltration capacity of the topsoil. Laboratory measurements of the set of 121 retention curves and the set of 37 measurements of saturated hydraulic conductivity on 1000 cm 3 undisturbed soil samples, collected at the vicinity of the trench, were performed (Šanda, 1999) . 
Uncertainty in the subsurface trench outflow formation
The experimental trench and the contributing sub-catchment area are located on the territory of the former clear-cut forest. During some rain events the preferential flow pathways behaving as local sources or drains were observed on the walls of the trench in years before the filling of the trench. Within the hillslope transect this phenomenon occurs where tree roots decayed and boulders or weathered bedrock particles are present. It may have significant impact on the development of the subsurface flow under specific condition. Due to the instability of the subsurface outflow formation the size of the sub-catchment contributing to the trench may slightly change in time. Uncertainties remain also with the respect to the shape and boundaries of the contributing sub-catchment due to unknown depth of the impermeable solid bedrock. For the trench vicinity, the solid bedrock depth was estimated by geophysical methods in 4-5 meter below the surface. It contains significant discontinuities which might be related to the geological fractures or varying degree of granite weathering and has to be considered a potential cause for the percolation of water underneath the trench. However, the saturated hydraulic conductivity of the soil layer as measured on undisturbed soil samples taken from the trench bottom at 70 cm below the surface, is lower than 10 -7 m s -1 . Compared to saturated hydraulic conductivity of higher layers (topsoil: K s = 10 -4 m s -1 ; horizons 20-60 cm:
-5 m s -1 ), it may be assumed that the deeper strata of the weathered bedrock in 1 to 4-5 meter below the surface may contribute only partially to the rapid subsurface runoff and have little or no influence on the fast subsurface storm outflow. Although the collecting trench controls only a thin and shallow part of the soil profile, we assume that majority of rapid subsurface outflow is captured there.
Results and discussion
Rainfall runoff events
Results from the first vegetation season 1998 are presented in this contribution. In the period May to November 1998, four significant hydrological periods were recorded each of them consisting of one to three single rainfall events producing the outflow at the subsurface trench. Tab. 3 gives an overview of the subsurface runoff recorded in the trench collectors.
From Tab. 3 it is evident that major part of the trench outflow takes place at the bottom sections. As mentioned earlier at a depth of 60-70 cm the soil profile changes its structure towards the weathered bedrock material with a sharp decrease of saturated hydraulic conductivity. At the same depth the root pathway occurrence decreases. In consequence the vertical percolation attenuates and the lateral downslope flow component increases. A dominating portion of the outflow collected at the trench face has been found at its lowest collection horizons. The outflow increase effect due to the trench construction, which interrupts the subsurface flow lines and causes artificial drainage effect, should be counted for.
The rainfall runoff events selected for further analysis met the following criteria: each event was separated by at least 2 hours of the period without the precipitation and the total event rainfall was higher than 15 mm. In many cases the selected events followed the longer periods of precipitation activity of the high total rainfall of low intensity. The selected events were classified according to statistics based on 24-hour rainfall totals for Uhlíř-ská catchment over the period of 1981-1997 as shown in Tab. 4. The rainfall occurrence interval has only informative value since the analyzed 16-year period of the observation is rather short.
Tab. 5 shows the results of the stormflow measurement in the subsurface trench (Fig. 2) for the selected rainfall events. The cumulative surface outflow in the Černá Nisa stream, measured at the Uhlířská gauging station, is the total cumulative outflow with subtraction of the baseflow of 0.048 mm h -1 (25 l s -1 ), typically observed prior to the event. The specific stormflow rate is 0.2-2 mm h -1 (approximately 100-1000 l s -1 ), therefore the baseflow contribution has negligible effect on the total outflow amount.
The selected events can be divided into two sets according to the duration and the amount of outflow. One group represents summer storms of higher intensity and shorter duration of precipitation and outflow. Second group is formed by the autumn rainfall outflow events of longer duration and lower rainfall and outflow intensity. The fact worth of notice is that the total outflow caused by an intensive single rainfall event is very close to the precipitation total indicating minor storage effect within the catchment. Tab. 4 shows this comparison as an outflow ratio. However, during several longer periods of frequent precipitation, the total outflow amount compared to the rainfall event is even higher than the rainfall total. This results from the raised outflow above the baseflow by the antecedent event prior to the analyzed one.
To evaluate the outflow amount from the trench, two bottom horizons data are presented (Fig. 5) . The rapid responsive nature of the outflow at the trench is caused by a small contributing area and a shallow depth of the soil profile. This space is further referred as a microcatchment. The thin, loosely structured organic soil with limited water storage capacity and high hydraulic conductivity results in a short travel time to reach the weathered bedrock zone, thus rapid response in the subsurface flow formation is observed.
T a b l e 3. Distribution of the subsurface outflow from the collection trench (May-November 1998). T a b u l k a 3. Rozdělení podpovrchového odtoku ze sběrného příkopu (květen-listopad 1998 The mean corresponding microcatchment areas (Tab. 5) for the subsurface outflow events were derived for each episode as a ratio of the total outflow at the trench bottom horizons A3 and B3 and the total rainfall depth. The microcatchment areas are not constant, but vary according to the total rainfall amount, the total antecedent soil moisture content conditions and the duration of the rainfall event. The outflow amounts from each trench section vary significantly among each other. This might be due to the extreme heterogeneity of the soil profile.
The dynamics of the outflow from the trench section A is more adequate for the soil profile with a small amount of visible preferential pathways. In the section B, the distinct flow pipes, approximately 1 cm wide, were found at the trench face during and after the heavy rainfall. The ratio of the total outflow comparing sections A to B of the trench changes from 1.83 for a heavy rainfall event to 1.17 for a sequence of short events. This difference may originate from the different wetting patterns: gradual -caused by a low intensity, longer duration rain and sudden -by high intensity and short duration storm. In the gradual wetting scheme, water is delivered into smaller pores as well; in storm event, water infiltrates into the drier soil profile via larger macropores and pipes, which become the main contributor of the subsurface flow. The mean outflow rate expressed as the amount of the outflow at the trench face area has an order of 10 -4 m s -1 . Although this value is relatively high, the actual velocities in the flow pathways could be even one to two orders higher because the soil profile is drained in distinct spots, representing only the negligible fraction of the total seepage area. Fig. 5 and Fig. 6 present the dynamics of the trench outflow compared with the catchment streamflow. It is clearly evident that the flow hydrographs have very similar shapes. Rising limbs are very steep and recession limbs last for a short time as well, supporting the hypothesis that subsurface flow from the shallow soil horizons of the slopes in the catchment is the main forming part of the outflow from the whole catchment.
Relationship between the soil moisture content and the outflow
The soil moisture content of the soil profile was determined indirectly (Šanda, 1999) . The retention curves based on the soil samples collected in the vicinity of the trench were fitted by the van Genuchten formula (van Genuchten, 1980) and are used as a soil water suction -soil moisture content transfer function. From the point measurement at each tensiometer triplet, the soil water column equivalent is obtained as the sum of soil moisture content representing each horizon, measured by the tensiometers, and multiplied by the depth of corresponding soil layer. conditions. The water regime of the subsurface, here represented by the soil moisture content, essentially affects the subsurface runoff formation that controls the channel surface flow. Fig. 8 shows the course of the outflow rates derived upon the optimised relationship of the soil moisture content and streamflow presented over the whole vegetation season.
Relationship between the hydraulic head and the outflow
Measurement of the soil suction by means of tensiometers can indirectly detect the changes of the soil moisture content with one order higher precision than direct soil moisture content measurement here performed by the neutron probe. Due to the studied soil type, only small changes in soil moisture content may cause remarkable difference in the shift of the soil water suction. The soil water suction measurement allows the normalization and transferability of the derived conclusions to other catchments better than absolute soil moisture content data. Due to the differences in the soil types and their water retention characteristics, driving forces influencing the runoff formation cannot be easily evaluated.
The changes of the subsurface outflow in the course of the rainfall were compared with the water table relative to the bottom of the section of the sampling trench. The readings of the soil water suction, transformed to the water table values were performed by the tensiometers installed into the deepest horizon referring to the deepest horizons of A and B trench sections. Three major runoff events are presented in Fig. 9 and Fig. 10 . These figures show the exponential increase of the runoff with the linear increase of the water table, which can be simplified by the logarithmic function with relatively high degree of correlation. However, each of the sampled trench horizons exhibits quite different pattern for the transfer function. In the section A3, the flow does not increase so rapidly with the increase of the water table as in section B3. This may be due to the smaller number of visible preferential pathways observed mostly in B3 horizon. When a certain water table threshold is reached, the outflow grows rapidly only with a minor additional groundwater table rise.
In Fig. 9 and Fig. 10 , the flow hysteresis is evident. Rising and falling limb of the outflow hydrograph does not relate to the same water level when adequate flow is reached or vice versa. Several minor hysteresis loops can be observed when a series of partial rising and falling limbs of the hydrograph are plotted.
Results shown in the Fig. 9 and Fig. 10 prove that the appearance of the perched water table in the shallow soil profile with preferential pathways is closely related to the flood subsurface runoff and contributes directly to the flood formation. In the headwater mountainous catchments, flash floods can be related to these soil variables, which can be easily monitored and serve for a flood warning after certain time of observations and consequent calibration.
Practical experience with data sensing devices in the longer period of time During 7 vegetation and 5 non-vegetation periods (1998-2003) of the hydrological regime monitoring at the hillslope, extended knowledge of the data sensing in field has been collected. All of the automatic equipment has been controlled by two data loggers: Campbell Scientific CR10X-1M with AM416 multiplexor, controlling pressure transducers, thermometers and a part of flow tipping buckets and Newlog 3 logger, as the supplemental device, served for the record of the rest of the equipment producing pulse signals. Both the loggers proved the reliability in the harsh environment, although the temporal malfunction occurred several times. The larger capacity of the flash memory, which is the state-of-the-art solution, assured the security to prevent the data loss in such situation.
Two types of the tensiometers have been used for the soil water suction measurement: acrylic tensiometer (Soilmoisture Inc, Goleta, CA, USA) and grey PVC tensiometer (Soil Measurement Systems, Tuscon, AZ, USA) both equipped with ¼" NPT thread. Within the years, Soilmoisture tensiometers proved to be better choice for the digital sensing, due to the durability of the acrylic body with no joints. On contrary to, SMS tensiometer in the design with threaded joint and rubber stopper has the advantage of simultaneous automated data collection and manual calibration, using precise Tensimeter TM unit for the pressure reading via septum stopper. Overwhelmingly, thermal fluctuations in the field, namely the frost decreased the lifetime of any of these tensiometers tremendously.
For the pressure measurements itself, two of the pressure sensors have been used: Soilmoisture 5301 current transmitter and Honeywell 236PC15GW pressure transducer, both in ¼ NPT thread design. Soilmoisture transmitter fits to the same brand tensiometer and seals it snugly with an O ring. Honeywell sensor fits this tensiometer as well, however sealing requires an advanced method.
Both of the sensors fit the SMS tensimeter well using the teflon tape. The assurance of a good airtight joint on the tensiometer-transducer interface is of a major importance for the environment where the frequent servicing cannot be achieved. Due to its nature, Soilmosture 5301 as a current transmitter occupies less channels on the logger than Honeywell differential voltage transducer. On contrary to, its power consumption is higher and its use in the freezing conditions is impossible. The Honeywell sensors can operate in frost, however their overall lifetime is shorter, decreased in the low temperature or the higher suction imposed during drier conditions.
Regarding the collection of the outflow, the 200 ml to 1000 ml volume tipping buckets made of plexiglass or PVC plastic were used. Plexiglass showed non-applicability in the harsh field environment due to its fragility to shock and frost. The flexible 2 mm thick orange or grey PVC proved the overall good durability. For the heavy duty flow tipping buckets, 3 mm grey PVC plastic sheets have been used. The standard PVC glue for joints did not prove to fit the desired needs, therefore plastic welding of joints with combination of epoxy resin is acceptable choice to overstrain in the freezing water or swelling ice. The plastic body also insures no electrical contact with the ground, therefore no metal parts near the sensing unit were used. The sturdy 100 mOhm light duty reed switch with an actuator magnet was used for the pulse generation. It proves durability for a heavy and moving equipment under permanent mechanical shock, however can cause signal errors due to the magnetic induction when the frequency is high. Small, glass coated mechanical switches with the magnet, commonly used in raingauge design seem to be an adequate alternative, when installation assures the protection of such fragile part.
Conclusions
The collected data show a quick response of soil water suction decrease according to the rainfall. Almost simultaneous reaction in all soil horizons implies a rapid vertical flow. The unsaturated regime within the soil profile prevails nevertheless the soil moisture content was close to the saturation. No permanent water table has been observed on the slope. Only a narrow range of soil moisture variation was observed, and thus the step change between the saturated and unsaturated flow regime and vice versa is very fast and sudden. The heterogeneity of the subsurface flow is documented by comparison of such values at two trench sections and their three soil horizons. Local preferential flow paths are conducting water at significantly variable rates.
The results of the measurement lead to the following conclusions about the nature of the storm flow generation in the catchment under this study: A significant fraction of the rain falling on the hillslope infiltrates vertically towards the nearly impermeable weathered bedrock via preferential pathways, the remaining part slowly infiltrates into the soil matrix. A saturated layer is built up in the soil profile above the weathered granite layer and a rapid subsurface flow is formed there. There are significant relationships between groundwater table, soil moisture content, subsurface runoff, soil water suction and the total outflow from the catchment, showing that the transformation of rainfall into runoff in the area where soils are shallow, is controlled by the soil moisture content or the soil suction in the subsurface. Storm flow is dominantly conducted by preferential pathways in the subsurface when saturation is reached.
